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ABSTRACT 


This  memorandum  presents  a  simple  and  rapid  means  for  estimating 
the  total  radiation  dose  one  might  expect  to  receive  during  exposure  in 
an  area  contaminated  by  fission  products.  Curves  are  included  for  ex¬ 
posure  periods  of  2,  4,  8,  12,  and  16  hours  and  for  accumulated  doses 
of  SO,'  100,  and  200  rem.  In  addition  to  the  curves  covering  particular 
exposure  periods,  a  special  curve  is  included  for  estimating  the  dose 
for  any  period  of  exposure  between  1  and  1,000  hours  after  detonation. 
A  nomogram  is  included  for  converting  radiation  intensity  measured  at  a 
particular  time  after  detijnation  to  the  reference  dose  rate  at  one  hour 
after  detonation  (11+1).  Typical  problems  and  “their  solutions  are  given 
in  the  body  of  the  memorandum  to  familiarize  the  reader  with  the  use  of 
the  nomogram  and  the  curves.  It  must  be  borne  in  mind  that  the  nomo¬ 
gram  and  the  curves  are  based  on  tbs  simple  decay  rate  equation  for 
normal  fission  products,  It«Ijf*,z,  “here  It  is  intensity  in  roentgens 
per  hour  (r/hr)  at  "t”  hours  after  burst,  and  Ij  is  intensity  at  one 
hour  after  burst  (H  ♦  1).  Fractionation  among  fission  products  and  in-- 
duced  activities  ma^  cause  the  decay  rate  in  a  particular  fallout  sit¬ 
uation  to  vary  considerably  (SOt  or  more)  from  that  of  the  approximate 
t"1*2  function. 
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I.  INTRODUCTION 

For  the  period  between  one-half  hour  to  SO  days  after  surface 
burst  of  a  nuclear  weapon,  the  following  nomogram  and  curves  are 
considered  sufficiently  accurate  for  quick  estimates  of  radiation 
dosage  due  to  fallout.  No  consideration  has  been  given  to  multiple 
explosions,  seeded  bombs  or  neutron-induced  ground  contamination. 
However,  it  is  assumed  that  anyone  monitoring  fallout  build-up 
downwind  from  a  nuclear  explosion  will  be  able  to  determine  an 
abnormal  build-up  or  decay  rate  and  thereby  judge  the  degree  of 
dependence  he  might  place  in  his  estimate  of  radiation  hazard. 


I.  ASSUMPTIONS 

It  is  reasonable  to  assume  that,  in  ease  of  nuclear  attack  on 
the  United  States,  numerous  fallout  shelters  will  be  equipped  with 
fixed  radiological  recording  instruments  at  critical  locations  outside 
the  shelters  from  which  build-up,  peak  and  decay  of  radiation  intensity 
can  be  determined.  It  is  necessary  to  know,  also,  the  time  the  nuclear 
device  was  detonated  in  order  to  make  use  of  the  curves. 

1.  EXAMPLES 

a.  Civen  a  dose  rate  of  400  r/hr  at  H*4  hours,  find: 

(1}  Reference  dose  rate  at  11*1; 

(2)  Dose  rate  at  11*10; 

(1)  Time  after  burst  dose  rate  will  be  50  r/hr. 

SOLUTION; 

(1)  Apply  a  straight  edge  to  Figure  1  at  400  on  the  left 
scale  (Measured  Dose  Rate  at  H*X  Hours)  and  4  on  tho  right  scale 

(II* X  Hours,  Time  of  Measured  Dose  Rate).  Read  2,100  r/hr  at  H+rtJK'  middle 
scale  (Reference  Dose  Rate  at  H*i  Hours). 

(2)  App’y  the  straight  edge  to  Figure  1  at  2100  on  the  . . 

middle  scale  and  10  on  the  right  scale.  Read  130  r/nr  on  the  left 

scale  (Measured  Dose  Rate  at  H*X  Hours). 


(3)  Apply  straight  edge  to  Figure  1  at  2,100  on  the  middle 
scale  and  50  on  the  left  scale.  Read  22  hours  on  the  right  scale 
(Time  of  Measured  Dose  Rate). 


b.  Given  a  peaked  dee*  rate  of  S00  r/hr  at  a  base  downwind 
from  a  nuclear  explosion  at  three  hours  after  the  explosion  (H  1) 

find: 

(;)  Normalised  dole  rate  (r/hr  at  IU1); 

(2)  Dose  Rate  at  IMS  Hours; 

(3)  tlM  after  hurst  dot!  rata  will  '»«  ^  r/hr. 

SOUmOH: 

(1)  Apply  Strait^  idea  to  Figure  1  at  500  on  the  left  scale 
S  ««  the  right  scale.  Read  1,900  r/hr  »t  ««•!  on  the  center  scale. 

(2)  Apply  Straight  edge  to  Figure  1  at  1,900  on  center  scale 
u  ge  right  scale.  Read  2$  r/hr  on  left  scale. 

(3)  Apply  straight  edge  to  Figure  I  at  1,900  on  center  scale 
and  IS  on  left  scale.  Read  H  hours  on  right  scale. 

c  Using  the  1,900  r/hr  reference  dose  rate  found  In  example 
«b  1  "  above, 'find  the  earliest  tine  a  worker  night  leave  the  fallout 
Shelter  for  asingle  two-hour  work  period  in  the  contaninated  area 
te  at  to  receive  only: 

*  (1)  SO  ten,  total  doss; 

(J)  100  reo,  total  dose; 

(3)  200  rem,  total  dose.  3  0 

o  o 

SQWZIOHi 

(11  Enter  Figure  2  at  1,900  r/hr  (Dose  Rato  Nomallxed  to  IM) 
and  to  vertically  upward  to  tho  2  hour  (single  exposure)  curve,  then  , 
horizontally  to  the  loft  margin  and  read  34  1/2  (Time  of  Entry  -  Hours 
After  Detonation).  This  is  31  1/2* hours  after  the  peaked  dose  rat#  of 
•  S00  r/hr  was  determined  at  Ilf  J. 

(2)  Enter  Figure  3  at  1,900  r/hr  (Dose  Rste  Kor*sUteJ  to 
H*l)  and  intersect  the  2  hour  (single  exposure)  curve  «  M  1/2  h°«»* 
(Tine  of  Entry).  This  is  IS  1/2  hnurs  after  the  peaked  dose  Tate  was 

determined. 

(3)  Enter  Figure  4  at  1,900  r/hr  nornalited  d#se 

intersect  the  2  hour  curve  at  10  hours  after  detonation.  This  is  7  hours 
after  the  peaked  dose  rate  was  determined.  •  e 
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d.  Using  the  same  reference  dose  rate  as  that  used  in  example 
**c"  above  (1,900  r/hr)  determine  the  earliest  time  a  worker  night 
enter  the  contaminated  area  for  a  tingle  8-hour  exposure  so  as  to 
receive  a  total  dose  not  to  eacecd: 

(1)  SO  re*; 

(2)  100  re*: 

(1)  200  rem, 

SOLUTION; 

(1)  Enter  figure  2  ot  1,900  r/hr  normal ite<8  dote  rate  and 
Intersect  the  8>hour  (single  exposure)  curve  at  111  1/2  hours  after 
■detonation.  This  is  108  1/2  hour*  after  the  peaked  dose  rat*  ot 
500  r/hr  was  determined, 

(:)  Enter  figure  3  a2  1,900  r/hr  normatlied  dose  rate 
and  read  61  1/2  houra  after  detonation  (S8  1/2  hourt  after  peaked 
dose  rate). 

o 

(3)  Enter  figure  4  at  1,900  r/hr  normalised  dose  rate  and 
read  32  1/2  hours  after  dezonatisn  (29  1/2  houTS  after  peaked  dose 
rate). 

«.  Using  the  Same  reference  dose  rate  as  that  used  In 
examples  "c"  and  **«!*•  above  (1,900  r/hr)  determine  the  earliest  time 
after  detonation  a  worker  might  enter. the  contaminated  area  in  order 
to  work  the  maximum  number  of  consecutive  daily  two-hour  shifts  so 
as  to  receive  a  total  dose  not  to  exceed; 

(1)  So  rea; 

(2)  100  rea; 

(3)  200  rea. 

G 

SOLUTION: 

(1)  Enter  figure  S  at  1,900  r/hr  normalized  dose  rate  and 
intersect  the  2  hour/dsy  shift  curve  at  100  hours  after  detonation. 
(Tin*  of  Entry  for  1st  Shift),  This  is  97  hours  after  the  peaked  dose 
rate  of  S0p  r/hr  was  determined.  Note  also  that  50  rem  will  have  been 
accumulated  during  the  11th  shift. 

0 

o  (2)  Enter  Figure. 6  at  1,900  r/hr  normalited  dosu  rate  and 
read  3?  hours  after  detonation  (34  hours  after  peaked  doss  rate).  The 
100  rea  will  have  been  accumulated  during  the  7th  shift. 


(3)  Enter  Figure  7  at  1,900  r/hr  normallted  dose  rate  and 
read  13  1/2  hours  after  detonation  (10  1/2  hours  after  pealed  dose 
rata).  Th»  200  rem  will  have  been  accumulated  during  the  4th  shift. 

f.  By  the  use  of  figure  B,  determine  tha  dose  one  would  receive 
if  he  enters  the  contaminated  area  immediately  after  fallout  has 
peaked  (11*3  in  examples  b  through  c)  and  remains  fort 

(1)  IS  ninutes; 

O 

(2)  30  ainuttSi 

(3)  1  hour, 

soumori: 

(1)  Enter  figure  ft  at  3  hours  (Tims  After  Explosion)  on  left 
side  and  intersect  the  curve  at  6. IS  (ratio  of  Accumulated  Total  Dose 
to  Unit-Time  Reference  Dose  Kate).  It  U  necessary  to  enter  figure  ft 
the  second  tine,  i.e.,  at  3.2S  hours  (Timo  after  Explosion)  and  inter* 
sect  the  curve  si  6.212  (ratio  of  Accumulated  Total  Dose  to  Unit-Time 
Reference  Dose  Rate),  The  meaning  of  these  two  ratios  is  as  follows: 

.  ...  Accumulated  Total  Dose  (r) 

ttut-'f an«“ReiJ«rei»co" Dose  Kate  (rTHfJ' 

,  ...  _  Accumulated  Total  Pose  (r)  .. 

IS  aln  aftJr2b!rst)^"il“TiM  «**•”"« Rise  kite  (fAiJ  *  1 


and  (6.212-6. IS)  ■  Accumulated  Total  Pose  at  11*3. 2S  -  Accumulated 
Tbtal  Dose  at  U*3  divided  by  Unit-Tine  Reference  Dose  Rate. 

..  .  Pose  Accumulated  In  IS  win 

*  trut-fioe'ftctercnce  Pose  Rate 

Dose  Accumulated  in  IS  nin  ■  .062  x  Unit-Time  Reference  Pose  Rate* 

Since  the  Unit-Time  Reference  Dose  Rate  found  in  example  *V* 

MSS  1,900  r/ hr,  our  answer  becomes  .06?  x  1,900  -  118  rem  (.ins.). 

This  IS-minute  dost  ef  US  rem  should  not  be  .lurprising,  for  the 
dose  rate  at  the  tine  of  entry  (tl*3)  was  SOO  r/ hr. 

(2)  Enter  Figure  8  at  3, SO  hours  {Time  after  Explosion)  and 
intersect  the  curve  at  6.27.  Subtracting  the  ratio  Mi  found 
above  froa  6.27  we  have 


.1? 


Doso  Accumulated  In  30  minutes 
Cut-Time  CeTerence  Dose  Rite 


OT  Dose  Accumulated  In  30  ainutes  (from  1>*3  to  !1*3.$)*.12  a  1900  *  228  rem. 
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f y\  Enter  Figure  8  at  4  hour*  (Time  After  Explosion)  an* 
intersect  S  c^ve  «*.  6,37.  Subtracting  the  ratio  6.1S  found  above 
from  6,37  we  have 

.  Accumulated  in  1  Hour  _ 

4 **  '  ^tffcre&cc  &v*0 

or  Lose  /te*«e....arf  in  »  ^  <f«»  «•*  t0  n*A>  #  *5J  4  *SW  *  ‘1J  ***‘ 

e.  Assums  that  prMonnel  rrmsln  in  fallout  shelter!  for  *  • 

2<-hour  period  after  fallout  Kai  peaked  and  then  are  *ipo»ed#  find 
the  total  do*e  which  would  t»*  received  for  exposures  ©..  .  , 

•# 

(!)  s  hour; 

(2)  2  hour* j 

(V  respective'''. 

SGUJTtaW 

<11  enter  Figure  8  *«  2?  hour*  (Time  After  Explosion)  *hd 
read  1.49  ratio  of  Accumulated  Total  Do**  to  Unit-Ti*e 
Rate.  Read  a  seecod  ratio  of  7.SI  at  28  Hour*,  Fuhtraetln..  . 

7.51  we  <«t 

_  Dote  Accumulated  in  1  1’onr _ 

•w  “  TS»ic  •  «i’fie"R«Te  rente  TWl^oe 

«f  Dose  Acconolated  i.i  1  hr  (Fro*  11*27  to  M*?s)..o?  x  IJM  *  3»  ***' 

(2}  enter  Figure  S  at  29  hours  (Tine  After  Explosion)  and 
read  7. S3.  Subtracting  7,*9  fro«  7.53  we  get 

..  _  Dote  Accinul.rtci!  in  2  hoors_  nr 
•®4  that .fine  TvTf  jvico  flosenate 

Dos#  Accumulated  In  2  hours  (Froa  IU27  to  11*29)  -  -Ofx  J900  •  » 

(31  Enter  Figure  9  at  50  hours  (Ti»o  After  Explosion)  and 
read  MS,  Subtracting  7.49  frw  7.S5  we  get 

..  Case  Accumulated  In  3  ttours_  „j, 

*®6  *  Unit-IiBo  Retrrenc*  l>o»e  fiate 

Dose  Accumulated  in  5  Art  <Fr©«  H*27  ts  W*J0)  ■  .«  *  »w  *  1,4  "* 

h.  Assume  ah  exposure  period  to  begin  *t  W*!l  *  f*  *^!*  ,*_ 

after  fallout  has  peaked).  Determine  Sh%  fUTS^°® 
to  accumulate  100  rem.  The  solution  of  this  problee  IS  the  sever  e 

•f  those  in-1  preceding. 


S 


<■  ■  !&<: . 


l-  ,  'jf^gBaatiBwj&taCSfcSaiBatt K-^-^' -•-'■•->  i^pi*1  i.i-J,'*!^ 


%  '  * 


SOLirriON 

The  pfobte*  Si  to  find  *%**  the  number  of  koura  eapot-jre 
in  the  fallout  »»•»*  bijlftftlfig  at  tl«ll(  necessary  tt  accumulate  SCO  rem. 

lit  Step  • 

Cos*  AtWiiwhUj  lt>  X Jteuf*  „  100  rt»  _ 

CjTR^TaSa’EinJSScS  SuilHi  m  iico  i/hr  *  •**  •• 

Jnd  Step  *  , 

find  tht  ratio  of  Aectrolited  Dose  Rat*  to  ti*«  Unit-Tin® 
Reference  Cose  Kate  at  11*11.  Enter  flfiura  8  at  11  hour*  fTine  After 
Explosion)  and  read  a  ratio  of  7*02* 

3rd  Step 

Enter  figure  8  froa  ths  bottoe  at  7.073  and  intersect 
the  eurve  at  12  hours  (Time  After  Explosion).  Since  11  •  X  *  12, 
X-12-IW  hour,  the  duration  of  aapoaura  to  accumulate  100  w« 
beginning  at  H«ll.  Ans- 
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